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INTRODUCTION 


This is one of a series of papers written for the consideration of opera- 
tors of small gold and silver mines in the West. The paper discusses smelting 
schedules, general smelting practices that have a bearing on rates, and the 
reasons for penalties or credits for certain constituents of ores, 


Crude gold and silver ores generally are shipped to smelters only when 
tilling facilities are not available; however, high tailing losses in milling 
4 higheerade or refractory ore or low smelting rates because of the fluxing 
value of an ore may make direct smelting more economical. 


:/ The Bureau of Mines will welcome reprinting of this paper, provided the fol- 


lowing footnote acknowledgment is used: “Reprinted from U. S. Bureau of 
Mines Information Circular 6926." 

ef Supervising engineer, Mining Division, Southwest Experiment Station, U. 5. 
Bureau of Mines, Tucson, Ariz. 

Z/ Assistant mining engineer, Mining Division, Southwest Experiment Station, 
U. &. Bureau of Mines, Tucson, Ariz. 
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Gold and silver ores or concentrates are smelted at both lead and copper 
smelters; one of these base metals is required to collect the precious metals 
during the process of smelting. Ores that do not contain enough copper or lead t 
collect the gold and silver must be mixed with others that contain an excess of 
one of the base netals,. 


ACKNOWLEDGMENTS 


The smelting companies kindly furnished copies of their open schedules for 
publication, and a large number of small producers submitted smelter settlement 
sheets to the authors for inspection. 


Literature on smelting practices at various plants and the metallurgical 
effects of various ore constituents on the economics of smelting have been con— 
sulted; references are given in the text. ) 


CLASSIFICATION OF GOLD AND SILVER ORES 


The gold in an ore may be free, tut generally it is associated with sulphid 
minerals; silver rarely exists in the native state. Gold and silver concentrate: 
usually consist mostly of sulphides, and the precious motals usually, but not 
always, are associated with lead or copper or both. The gangue of an ore may 
consist of a single mineral, but usually it is a combination of many. 


- In general, ore is classified as being either siliceous or basic, in accord. 
ance with the composition of the gangue. A siliceous ore is one in which silica 
and alumina exist in excess over iron plus lime; when the reverse is true the 
ore is termed basic. The silica (Sil>) in the ores and fluxes received at 
western smelters may be in the form of quartz or in combinations with other ele- 
ments as'silicate minerals, ‘The alumina in ores occurs as & constituent of 
various minerals, chiefly in the form of the silicate. The iron usually is in 
the form of sulphide, but occasionally it exists as an oxide; for purposes of 
fluxing, iron may be replaced in part by manganese, The iron sulphides generall; 
are changed to oxides vy roasting before smelting. Lime may be present as the 
mineral calcite or in limestone; for ae it may be partly replaced in the 
charge by magnesia or barite, 


Crude gold or silver ore that is shipped to a smelter usually contains an 
excess of silica over iron and lime; concentrates generally contain an excess of 
4ron e 


Ore with lead or copnver or both would be classified as gold~silver—copper 
or gold-silver-lead, depending upon the predominant base metal. 


Western smelting companies usually classify ore as follows: 


(1) Iron ore, which consists mainly of iron sulphide with smaller quantities 
of copper sulphide or galena. Sulphide concentrates are in this class. 


(2) Siliceous iron ore containing silica and iron or their replacement con— 
stituents in nearly the proportion to be self fluxing. 
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(3) Siliceous ore, which is very high in silica. Siliceous ores are fre- 
mently needed at copper smelters for fluxing excess iron in other classes of 
we or concentrates. Highly siliceous ore (over 60 vercent silica) is used 
‘or fluxing off the iron during the converting of copper matte to blister 
cooper. Usually lead smelters do not need such ores, and a penalty is charged 
*or the silica they contain. 


SMELTING 


A concentrate usually will contain enough lead or copper or both to be a 
source of revenue to the shipper; occasionally the base metals in a crude ore 
will also be important. An ore or concentrate that contains an appreciable 
sount of lead would likely be sent to a lead smelter while ore high in copper 
and lew in lead would go to a copper smelter. 


Some gold and silver concentrates contain a high percentage of zinc. 
although the gold and silver can be recovered from the residue from zinc retorts, 
he freight on the ore or concentrate to remote plants and on the residue back 
4% a copper or lead smelter together with total treatment charges generally 
race it more economical to ship the product to a smelter in the first place and 
va the penalty for the excess ginc. (Gold and silver in zinc concentrates 
‘treated at the Bunker Hill electrolytic zinc plant at Bradley (Idaho) and the 
teat Falls electrolytic zinc refinery of the Anaconda Copper Co. are recovered 
i the slime. Only ore, however, with an economic freight range can be handled 
a. these plants. 


Oopper Smelting 


The smelting process consists of melting ore with suitable flux into a 
<citen baths a gravitational separation then takes place between the products 
‘tat contain the valuable minerals and the lighter worthless slag. | 


In copper smelting the slag is skimmed or run off from the top of the »dath, 
oui the matte, which contains the valuable minerals, is "tapped off" at the 
tottom. The matte is composed of copper and iron sulphides: it contains the 
-rper, gold, silver, and small amounts of other metals. The chief constituertits 
cc the slag are silica, irox oxide, and lime. The slag usually also contains 
=°3t of the other worthless material in the charge. 


The slag must have a low melting range and be lower in specific gravity than 
“Se matte to make a clean separation. Taken singly, neither silica nor lime 
“ts at a temperature metallurgically feasible, and iron oxide requires a rather 
‘. temperature. When heated together in proper proportions these constituents 
“cact to form a slag of low melting range and of low specific gravity. 


The cost per ton of ore treated or the cost per pound of metal recovered 
-3 the all important consideration in the smelting process. ‘he entire bulk 
“7 the ore must be melted after roasting, and therefore the amount of fuel re- 
Tred to raise the temperature to the melting point is important. Any combina~ 


"00 of the metals that form the matte melts at a much lower temperature than the 
“stituents that form the slag, and the relative bulk is much smaller. The 
“onomy of forming the slag is therefore the basis of control. 
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Generally some of the sulphur is removed by roasting before the ore is 
introduced into the furnace; a part is contained in the matte, and the rest, 
in the form of sulphur dioxide, goes up the stack. Many other elements, in 
smaller amount, may go either wholly or partly into the slag, matte, flue dust, 
or flue gas. The effects of deleterious elements upon smelting are discussed 
later. 


The copper is reduced to the metallic state from the matte in converters; 
it contains the gold and silver that are recovered later in the refining process. 


Ore deposits rarely contain in themselves the various constituents in the 
proper proportion for efficient smelting. It is therefore desirable that 
different types of ore be mixed at the smelter to obtain the proper combination 
of fluxing materials. Some mining companies with their own smelters are able 
to produce different types of ores from different sections of their mines in 
the desired proportions for smelting. Moreover, some custom smelters are 
situated so fortunately that the ores received can be mixed in the right propor-— 
tion for fluxing without the addition of other material. Usually, however, 
special efforts must be made to obtain ores with some of the necessary constitu— 
ents. Fluxes with sufficient valuable metals to pay for the cost of treatment, 
either fully or in vart, are often sought, but some smelters are forced to treat 
some barren material, particularly limerock, to get a proper mixture when a 
shortage of iron exists, Ores containing some lime ar arf very desirable in plants 
where the silica content is high and iron low. Peters-/ and Liddel have 
discussed this phase of copper smelting explicitly. 


Sulphide copper concentrate comprises a large proportion of the material 
received at most copper smelters. Uider present practice, these usually are 
deficient in siliea, which must then be obtained from other sources, 


Lidade110/ gives a very concise discussion of the relation of the various 
constituents desirable in conper smelting, and Hofman and Haywar offer a 
technical study of the various reactions. 


Fulton®/ gives an excellent discussion of smelter and mill rates and 
schedules. This paper was published in 19153 since that time smelting technique 
has changed, mines have tecome deeper, and ore from the lower sulphide zone has 
increased while ore from the oxidized zone has been largely depleted. The 
flotation process has increased the predominance of Bu yaa in the smelter 
feed and eliminated much of the silica, 


eters, Edwar er, The Practice of Copper Smelting: McGraw-Hill Publishin 
Co., 1911, pp. 23-38. 

5/ Liddell, Donald M., Handbook of Nonferrous Metallurgy: Vol. 2, McGraw-Hill 
Publishing Co., 1926, p. 939. 

6/ Liddell, Donald M., Work cited (footnote 5) pp. 938-940. 

7/ Hofman, H. O., and Hayward, Carle R., Metallurgy of Copper: McGraw Hill Bou 
Co., New York City, 2nd Ed., 1924, pp. 150-152. 

8/ Falton, Charles H., The Buying and Selling of Ores and a Product ss 
Tech. Paper 83, Bureau of Mines, (1915s pp. 15-18. 
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Effects of Impurities in Copper Smelting 


The ‘impurities that interfere with the aconcmicel production of copper of 
a purity suitable for the market may be divided into two classes ~ (1) those 
that interfere in the smelting process and (2) those that go into the blister 
copper. These of the latter class are partly or wholly eliminated during the 
two steps of refining by fire and electrolysis, 


Two substances, alumina (Alo0z) and zinc as the oxide (ZnO), appear to 
give the most trouble in smelting.” Smelting euthorities do not seem to agree 
on the exact chemistry of the reactions that cause the trouble or the exact 
amounts of these constituents that may be present without causing difficulty, 
but in practice they all agree that at times the trouble exists. In general 
alumina will not cause trouble in amounts under about 10 percent and zinc in 
quantities of less than about 6 to 8 percent. With more than these amounts 
present refractory compounds are formed, and high temperatures are required to 
maintain a liquid bath and prevent freezing. | 


According to Hofman and Hayward, alumina is considered désirable as a basic 
flux when a deficiency of iron or lime exists, provided a proper ratio exists | 
oetnes the iron and alumina and provided the amount of silica is not exces~ 
sive Alumina generally does not receive a credit or penalty in the smelter, 
Zinc is admitted free up to about 5 to 6 percent, but greater Rien emece 
generally are penalized. 


When the matte is converted into blister copper, the gold and silver as 
vell as appreciable amounts of zinc, iron, cobalt, tin, nickel, lead, arsenic, 
antimony, and bismuth, together with rarer elements go into the blister. During-. 
the period of fire refining zinc, iron, cobalt, and tin may be completely 
removed at the beginning. . The elimination of nickel, lead, arsenic, and = 
antimony continues throughout the process but is imperfect: silver and bismuth ~ 
are removed to a very slight extent and gold not: at all 10 


The anodes cast from the fire-refined copper may contain appreciable 
emounts of gold, silver, nickel, lead, arsenic, antimony, and bismuth. The 
anodes are then electrolytically refined. The gold and silver are insoluble 
and are deposited in the mud. The nickel and lead are dissolved before the 
copper and concentrate in the electrolyte at the expense of copper and sulphuric 
acid, In concentrations usually found in practice they do not interfere further. 
drsenic, antimony, and bismuth are partly dissolved and partly reprecipitated 
1 the md. ‘They are also partly Saal on the cathode either by electro~- 
lytic deposit ion or mechanically > 


The physical jconeptiodle) of copper are affected by all three urities. 
Cne tenth of a percent of arsenic lowers the electrical conductivit 13/7 of 
copper about 24 percent and 0.2 percent edie it 38 percent. Copper containing 


5} Hofman, H. O., and Hayward, Carle a. Work cited (footnote 7), p. 150. 

10/ Hofman, H. O., and Hayward, Carle R., Work cited (footnote 7), p. 272. 

ll/ Hofman, H. O., and Hayward, Carle R., Work cited (footnote 7), pp. 351-353. 
12/ Hofman, H. O., and Hayward, Carle R., Work cited,(footnote 7), pp. iia 
LB Hofman, H. O., and Hayward, Carle R., Work cited (footnote 7), p. 6. 
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0.8 percent arsenic is benefitted by increasing its ductility, but when over 1 
percent is present it begins to cause red—shortness. One tenth of a percent of 
antimony lowers the electrical conductivity about 11 percent. Antimony has 
about the same affect on the ductility of copper as does arsenic, but the 
percentage is lower since about 0.1 percent causes the copper to crack in roll- 
ing. Usually all arsenic and antimony over 1 to 2 percent in the ore is penal- 
ized by copper smelters, 


Bismuth, in addition to being most difficult to remove, also has the most 
deleterious affects, as 0.02 to 0.025 percent of the element makes copper 
brittle at red heat. Fortunately bismuth is not a common constituent of gold 
and silver ores, Generally, all bismuth over about 0.1 percent is penalized 
at a high rate per pound. 


The penalties applied by the smelters apparently are in proportion to the 
difficulty experienced in removing the impurities and the varying affects they 
have on the refined product. Where penalties are not shown in a smelting 
schedule for any of these deleterious elements it is because the ores received 
by the smelter do not contain sufficient impurities to be serious. 


Lead Smelting 


The most important consideration in lead smelting, as in copper smelting, 
is the composition of the slag. It is desirable to receive ores that upon 
mixing will contain the proper proportion of different slag-forming substances 
and will eliminate the necessity for using barren fluxes to satisfy this condi- 
tion. 


In the west, the blast furnace is generally used for smelting lead. In 
the simplest case, the molten charge is gravitationally separated into lead, 
matte, and slag, with the lead on the bottom and slag on top. A temperature 
must be reached at which various substances are entirely fluid, and the specific 
gravities of the products must have enough difference to give a clean separa- 
tion. 


Less leeway is allowed in the proportions of slag-making constituents in 
lead smelting than in copper smelting because of the greater number of products 
separated. aye permissible range of silica is narrow, varying between 20 and 
36 percent .—/ The range of iron oxide and lime or their replacement consti- 
tuents is also limited, 


Highly siliceous ore usually is not desirable in lead smelting. A credit 
generally is given for iron and a penalty charged for the insoluble constituents 
of the ore, Such constituents, consisting principally of silica with small 
emounts of other compounds, usually are designated as "insoluble." In some in- 
stances when the smelter feed is too basic, due to the presence of crude ore 
high in iron sulphide or sulphide concentrate, a penalty is applied for the 
sulphur as it is necessary to use excess fuel to burn off this element. in a 
separate roasting process previous to smelting. 


14) Liddell, Donald M., Handbook of Nonferrous Metallurgy. Vol. 2: McGraw-Hill 
Publishing Co., 1926, pp. 870-871. 
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The function of the blast furnace and details of the desirable and un- 
desirable constituents in practice are discussed by Liddell 


Effects of Impurities in Lead Smelting 


Zinc and lead are associated very closely both geologically and geographi- 
celly. The physical properties of some ores, however, permit a selective 
separation by flotation, and where this is possible some of the difficulty due 
to zinc in lead concentrate is removed. Usually about 5 to & percent of zinc 
in an ore or concentrate is not harmful, as it replaces lime as a flyx to some 
extent. When over 5 to & percent of zinc is present, a "zinc msh"20/1s liable 
to form in the furnace as a layer between the matte and slag. This causes 
serious loss of metal, the tuyeres to clog, and may even cause the furnace to 
freezee The excess zinc is always penalized, 


The ores received at western lead smelters usually are complex. Silver is 
associated with the lead in lead ore in such quantities as to make its re~ 
covery profitable; in addition, many other elements, such as copper, tin, 
bismth, arsenic, antimony, sulvhur, iron, nickel, and cobalt, may occur in 
amounts sufficient to make purification necessary before deliverizing can be 
Carried out. 


Removal of impurities t/ from the blast furnace base bullion is usually 
conducted in three stages ~ (1) softening to remove the impurities that inter- 
‘ers with the removal of the silver, (2) desilverizing to remove the silver 
and gold, and (3) refining to remove the zinc used in desilverizing and any 
impurities that might still remain. 


In purifying lead, arsenic and antimony are the most troublesome impurities 
to remove, with the exception of bismuth, and interfere greatly with desilver- 
izing even when present in very small amounts, By prolonged treatment the 
amounts can be reduced to a minimum. Next in order among harmful impurities 
come tin, zinc, sulphur, iron, nickel, and cobalt. These have a greater 
affinity for oxygen than has lead and can be removed by oxidation and "dressing" 
- alow red heat. Copper forms an alloy with lead that is less fusible than 
lead and can be removed by temperature regulation and "drossing." Bismuth can- 
tot be removed by oxidation and stays with the refined lead; when present in 
enounts over 0.05 percent it imparts a grayish color to white lead, and as an 
-Dortant percentage of commercial lead is used to make this pigment its 
2Tesence is undesirable, When lead contains more than 0.05 percent bismuth 
farther refining by electrolysis or some other method is necessary. This bad 
fect of bismuth on white lead, accompanied by the higher cost of purifica- 
‘ton, accounts for the high penalty imposed on the element by lead smelters, 


Three factors usually influence the smelter to apply a penalty and determine 
8 emounts they are (1) the seriousness of the affects of the impurities on the 
tizal product, (2) the difficulty and cost of removing them, and (3) the metal 


4] Liddell, Donald M., Work cited (footnote 14), pp. 870-871. 
4} Liddell, Donald M., Work cited (footnote 14), pp. 881-882, 
Lif Liddell, Donald M., Work cited (footnote 14), pp. 902-904, 
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losses caused by the quantities present. When penalties are not applied for 
one or more of these elements it is because they are not present in the ore in 
sufficient quantities to increase the cost of treatment. 


SAMPLING AND ASSAYING 


The correct sampling of a lot of ore, as defined by Woodbridge ,28/ is the 
process of obtaining from it a small quantity that contains, in unchanged 
percentages, all the constituents of the original lot. This must be accom. 
plished by choosing a method of sampling that gives results within reasonable 
limits of accuracy. The method chosen should be one that can be carried out 
rapidly and at a low cost, 


Usually in gold end silver ores the values occur along the small seams and 
planes of weakness, and, upon breaking, the fine material carries a greater 
proportion of the valuable metals than do the coarse pieces, Advantage is 
taken of this at the Yellow Aster mine at Randsburg, Calif., and other mines 
as a Means of concentrating the valuable metals by merely screening out and dis- 
carding the coarse material. Conversely, in some ores the enriched portion is 
less friable, and the fine material contains less valuable metal then the coarse 
Materials but such instances are rare. Occasionally an ore is encountereu in 
‘which the valuable metals are disseminated evenly throughout; in such cases ob- 
taining the proper proportion of the different sizes in the final sample will 
not be so important, but this condition is also rare, and all sampling should 
be carried out as though the worst condition existed. 


Methods of sampling may be divided into two classes, hand and mechanical, 
These are used separately, or both may be used at different stages of the 
sampling process. Coning and quartering is the most common form of hand san 
biting wed, and fairly reliable results can be obtained when the fundamental 
principles are understood and practiced. Mechanical samplers are made by many 
equipment companies and with many local variations are used extensively at 
sampling plants, Mechanical sampling is the more accurate when the design and 
use are correct but may give far worse results than hand sampling when it is 
not used properly. ‘Errors in hand sampling are likely to be compensating, but 
those introduced into mechanical sampling by poor design or dy parts being 
allowed to wear out are very apt to be cumulative and give consistently high 
or low results, : 


The final ground product usually is divided into four 2-pound samples. 
One sample is used for making the assay at the smelter, one is given to the 
shipper, one is held for possible umpire assey, and the fourth is held in re~ 
SETVOs 


Samples for the determination of the moisture are taken either from the to 
of carload or truck lots of crude ore or during sampling from the product that 
goes to the final grinding stage. Concentrates are sampled for moisture as 
‘received by driving pipes into the mass of material. Pipe samples from concen 
trates are usually dried and quartered down for assay. 


18/ Woodbridge Ore-sammling Conditions in the West: Tech. Paper 86, 
Sareaueo? i ines: 1916 To Bi ed 
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Gardner and Leddell22/ and Woodbridge20/ have discussed the theory of this 
phase of sampling and the more recent practice at numerous plants, 


Most lead and copper smelters are equipped with efficient sampling plants, 
FREIGHT AND TRUCKING RATES 


Ores and concentrates are transported from the western mining districts to 
the smelters usually by railroad or by trucks. When the quantities to be shipped 
are large and the distances long railroad transportation generally is the cheap-— 
est, For small lots and short distances trucking may be more economical. More- 
over, less—than-carload lots usually can be shipped cheaper by truck than by 
Tolls 


Gardner2t/ summarizes the cost of trucking regular tonnages of ores over 
good dirt roads where the trucks can be steadily employed and with no shoveling 
in or out under conditions that exist in gold-mining districts in northwestern 
Arizona and California in 1935, as follows: 


Distance, miles Average cost per Distance, miles Average cost per 
ton nile ton mile 
Up to 1 $0.35 5 to 10 $0.09 
1 to 2 022 10 to 20 206 
2 to 5 | el2 20 to 100 005 


Commodity rates on carload lots usually are established by the railroads 
then regular chipments of ore are to be made. <A base rate for low-grade ore is 
quoted; an ircrease is made for regular increments in the value of the ore. 

The average base rate on western railroads is about 1 cent per ton-mile. Rates 
Tor large tonnages of low-grade ore may be as low as 1/2 cent per ton-mile; 
rates on branch roads may be 2 cents or more per ton-mile, 


WESTERN SMELTERS 


Table 1 is a list of copper smelters and lead smelters in the Western States. 
Sone northwestern ores are shipped to the Tadanac smelter of the Consolidated 
Mining & Smelting Co. at Trail, British Columbia. As noted in the last column 
of the table, some of the plants have facilities for treating both copper and 
lead ores; most of them, however, can treat only one class. 


The plants of the American Smelting & Refining Co. and of the International 
Snelt ing Co. are primarily custom smelters: most of the others, however, were 


suilt to treat company ores, and the custom business is of secondary imvortance 
-0 them, 


es Sootee laze. Es R., Work cited een 18). 


ay Gardner, E. D., Costs of Trucking and Packing Ore in Western Gold Mining 
Districts: Inf. Circ. 6898, 1936, 17 pp. 
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SMELTER OPEN SCHEDULES 


The smelter—treatment charge is based on the cost of treating a ton of ore. 
These expenses include labor, fuel, supplies, interest on the capital invest~ 
ment, insurance, taxes, and other charges. Moreover, a profit must be made by 
the smelting company if it remains in business. The entire metal content of 
an ore cannot be paid for because losses of metals occur during smelting ~ the 
slag always contains some metal, some is lost as fume, and other losses take | 
place elsewhere in the process. The recovery of gold and silver is proportional 
to the loss of copper or lead in the slag as these metals in the slag will 
carry their share of the precious metals. | 


Gold, silver, copper (and at some smelters, lead) are the only metals paid 
for at eopper smelters. Part of the lead contained in the ore is collected 
fron the flue dust, and some emelters (1936) pay for about half of the lead con- 
tent at a reduced price. Some arsenic and other metals may also be obtained 
from tae flue dust, and a part of the other elements is recovered when copper 
is refined. Howover, since these elements occur in small quantities and are 
only partly secovered, the cost of producing them usually is nearly equal to 


their value. 


Some western gold and silver ores contain small quantities of molybdemm, 
tungsten, or vanadium, which are not recovered by the smelters, ‘The reasons 
for penalties and premiums have been covered in the discussion on smeltinge 


Although copper is recovered in the matte at lead smelters, it is paid for 
only when the company has a copper furnace in conjunction with the lead plant 
or when the matte is of a high enough grade to be shipped to a copper smelter; 
payments for copper are made at rates substantially below the quoted price, 
the other metals that ore may contain are largely eliminated in the slag and 
fume, as in copper smelting; their recovery is only incidental to the process 


and adds appreciably to the cost of smelting. 


Flotation concentrates are difficult to handle and increase the cost of 
‘treatment, especially at lead smelters, Some smelters make an additional. charge 


for handling this material. 
Excessive moisture in an ore or concentrate increases the difficulty of 


samplings wet ore balls up and increases the cost of crushing and screening. 
Penalties for moisture in excess of 6 to 10 percent are charged by some smelters, 


The cost of sampling and assaying a small lot of ore is noarly as much as 
“or larger quantities. Usually a flat charge of $5 to $10 is made for all lots 
cf under 7 to 10 tons, 


Freight from the shipping point to the plant is always charged to the ac- 
“ount of the shipper. 


Charges are based on the dry weight of the ore in tons of 2,000 pounds. 
Fenal ties and preniums for most substances are figured at so meds per unite 4 
“116 is 1 percent of a ton, or 20 pounds. 
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Most of the smelting companies, in furnishing the authors with copies of 
their open schedules, stressed the point that concessions usually can be made 
in the rates when the shipper can contract to deliver a specified monthly ton- 
nage of ore or concentrate. Moreover, open schedules frequently are modified 
after one or two shipments are received and the character of the ore becones 
known. 


Special rates occasionally ere offered for ores desired for their fluxing 
qualities, As the smelting business is competitive, concessions in rates for 
regular shipments may occasionally te obtained by bargaining. 


Schedules at Copper Smelters 


Information as to methods of payments, treatment charges, deductions and 
premiums et seven western copper smelters is summarized in table 2. The same 
schedules are used in most cases when purchasing intermittent lots of copver 
ores that contain subordinate amounts of gold and silver. 
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FOOTNOTES FOR TABLE 2 


1 se ha on gold are tased on the new mint price of $35 per ounce (net 


e/ Payments on silver are based on the new mint price for American mined ore at 
$0.77 per ounce, | 

3/ Payments on copper are tased on the Engineering and Mining Journal quotations. 

4/ Payments on lead are based on the New York quotation for common desilverized 
lead. 

5/ When assay is less than the deduction the shipper is charged with the defi- 
clency, except as further noted, 

6/ Less a deduction of 1-1/2 cents per ounce. 

7/ Nothing paid for copper less than 1/2 percent. 

8/ Nothing paid for lead less than 5 percent by wet assay. 

3/ Siliceous ore open schedule. | 

10/ Nothing paid for lead less than 2 percent by wet assay. | 

il/ On direct smelting ores containing over 5 ounces gold per ton, the price per 
ounce for the excess will be to the mutual agreement between the buyer and 
shipper. 

12/ Winimwm deduction. 

=3/ Less a deduction of 2 cents per ounce. 

i4/ To the base treatment charge also add 12 cents for each unit of iron and 

deduct 2.5 cents for eaeh unit of silica in excess of alumina; treatment 
charge is not to exceed maximum. 
Dry~ore rate. 


-2/ Gold-concentrate rate. 
-!/ Minimum deduction 10 pounds and maximum deduction 20 pounds per ton. No pay-— 


ment or deduction will be made when copper is less than 0.8 percent, 


Crude-ore open schedule for carload lots, | 
Minimum deduction 8 pounds per ton and. maximum deduction 20 pounds per ton, 
C 


oncentrate open schedule for carload lots. 
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The following, which is a typical schedule for siliceous ores, is repro- 
duced in its entirety. 


STLICEOUS ORE SCHEDULE EFFECTIVE July 7, 1936 


To 


DELIVERY: F.0.B. » up to 100 tons per month; ex- 
cess buyer's option. 


PAYMENTS FOR METALS 


cE 


If 0.03 of an ounce per dry ton and up to and including 3.0 ounces, 
pay for all at $19.00 per Troy ounce; if over 3.0 ounces, pay for 
all at $19.50 per Troy ounce, plus 90% of realized gold premium in 
excess of $20.67 per Troy ounce. Under present Government price 
this 1s equivalent to paying for 100% at $31.81825 per ounce when 
under 3.9 ounces and $32.314525 per ounce when over 3.0 ounces gold 
content per ton. 


SILVER: If 1,0 Troy ounce per ery ton or over, pay for 95% at the applicable 
Handy & Harman quotation, or at the present realized Mint price of 
{7 cents per ounce, provided silver qualifies for Government pur- 
Chase and affidavit is furnished; minimum deduction .5 of an ounce, 


COPPER: Deduct 0.75 units from wet copper assay and pay for remaining copper 
| at prevailing Electrolytic Cathode quotation, less a deduction of 
25 cents per pound of copper paid for. 


L:BAD 3 Pay for 50% of wet assay less a deduction of 3.5 cents per pound at 
prevailing lead quotation. No lead paid for if less 


than 2.0% by wet assay. 


QUOTATIONS: Silver, Lead, and Copper quotations are based on average for calenda 
week including date of arrival of last car of each lot at plant of 
Buyer, and on a bullion freight rate of $12.50 per ton to New York 
City. 


No payment will be made for any metal or content except as above 
specified, 


DEDUCTIONS 


BASE CHARGH:$3.50 per net dry ton on ores having a gross value of $20.00 or less 
Increase Base Charge 10% of excess gross value above $20.00 up to a 
Base Charge of $5.5U per ton. 


SAMPLING: <A flat charge of $5.00 will be made for sampling, handling, and 
| assaying each lot containing less than 10 tons dry weight when value 
per ton is $200.00 or less. When value per ton exceeds $200.00, 
sampling, handling, and assaying charge will be $7.50 per lot. No 
charge will be made for sampling, handling, and assaying lots con— 
taining 10 tons or over dry weight. 
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MPURITINS: Zinc: 6% free; charge for excess at 30 cents per unit. 
Arsenic and antimony combined: 2% free; charge for excess at 50 
cents per unit. 


FREIGHT: All railroad, freight, and delivery charges are for the account of 
the shipper. Deduct frcem Settlement, freight and other advances 
made by Buyer, 


ASSAYING; Buyer's assays will govern if Seller fails to make or submit assays 
prior to acceptance of payment. Seller should advise at time ship- 
ment is made whether or not he desires to submit assays and also 
direct Buyer where to send control pulp samples. 


_IUVEATIONs Rates on ores not under contract aré subject to change 430 days after 
date shown above. This rate cancels and supersedes all former rates 
Example of Calculations 


The method of calculating returns on a shipment of ore based on the preced= 
ing schedule follows: 


Wet weight of lot = 36.28 tons. 

Moisture = 8.5 percent. 

Dry weight of lot = 36.28 (1.00-0.085) = 33.20. 
Chemical analysis; 


GOLG: . <c6e sus 6 sews we eeG se ceeee aw ee es 1.2/7 ounces per ton. 


DILVOY Sissons vasguwweseseseseaess “2410 do. 
Copper DOCOSKCCDEREN OOS OSOS SM Oee~s: -Lwe percent. 

LINC: 6hSewGw ses eks sees oe wees e do. 
Arsenic COS OREC OR HOEHOSOH ORES EHOOC®S 260 dO. 
AUG IMONY:: wac'e:0:0-4s0 6-06 u wwe ee caw [2 do. 
Bismuth COCO CHOH HS CEH OSE O TERE O HO OE 08 do. 
Iron eeoeeetetvoeoreenegesveoesereeose ene 12,4 do. 
Sulphur SCHOHHCHSHCE OHO RTOS ESOS EO OSEO®S 19.1° dO. 
Silica SSC CH ORO EES RET EREe EEE EEF Ee 49.7 do. 
BUUMINA: Jc saniee wo thstsaGw ewes eees 6.0 do. 


Total CHOCCERO REC CHLOC HES OREO HH ED 96 .20 do. 


Payments: 
Gold, 1.27 x 31.81625 = $40 41 
Silver, (2.10 ~ 0.5) x 6.77 = 123 


Copper, market quotation 9.5 cents per pound. 
20 (1.2 — 0.75) x (.095 — .025) = 63 
Lead, none. 


Gross payments per dry ton $2.33 
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Deductions: | 
Treatment charges 
For $20 gross value, per ton $3.50 
Plus ($42.33 - 20) 0.1 = 2.23 $5.13 


Moximum $5.50 
Penalties: 
Zinc, (6.4 —- 6) x 0.30 = 12 
Arsenic plus antimony (0.60 + 0.72) - 2.0 none 
Total deduction per dry ton $ 5.62 
Net payments per dry ton 36.71 
Total returned by the smelter to the 


shipper 33.20 x 36.71 = $1218.77 
Schedules at Lead Smelters 


A tabulation of the open schedules at seven western lead smelters is con- 
tained in table 3. 
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TABLE 3. — Schedules fer gold and silver ores at lead smelters (July 1 6) 


Payments 


- Gold: Silver. 


Payments Minimum | Minimum 
Classes Rate aid deduc- | Percent 
of ore, per tions, paid 
ounces Geneks ouncés | ounces 
per ton per ton ; per ton 

All |$32.8182 


32.3162 


2.674 
Over 10 3 Saone 


5 to 15 
Over 15 


31.81663 | 
5 to 15 | 32.31663 
Over 15 | 32.81663 


Otol | 31.81825 


Over 1 | 32231825 = ogee eo 95 


jO tol 31481825 
| owe i. 52541825 a i 


Hise to 1 1.81825 


[Over fe ges1e2 | =~ |} 

{over to5 | 31.81825 | 

Over 5 __ G0) 1.0 

Under 5 Fi. 81825 

5 te 10 | 32. Sen 

Over 10 20540 1.0 

Under 5 | 31.81825 

5 to 10 | 32.17431 

Over 10 | 32.53037 | dO | — = 31/95 
- 19. 


ry Gor gle 
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; Deductions 
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TABLE 3. - Schedules fer gold and silver ores at lead smelters (July 1936) - Con'td. 


Deductions pr 
_ Penalties 


Treatment charge i : ited 
Arsenic, (f ; 
Insoluble i ant pony B : Moisture 
Units [Charge] Units |Pen-— ~< 21 Pen-— 
alty or. alty 
>omt per 


' 6 to $25 $3.70; 
| Over $25 |(8/) (86-70 - 


: 0 to $ 4 ae 

O to, 40 250 } 
East Helonadd/ ver }O ey 0 1$6.00 
ee ere ere 


a cio 


Selbyee | B11} 6.00} 6.00 


i © #6 | 6.50 | 


Over $35 


ee 


| 


A111} 6.00} 6.00 


E008 2050 


Metiee 2°) | (39) 
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FOOTNOTES FOR TABLE 3 


1/Paymente on gold are based on the new mint price of $35 per ounce (net $34.9125). 
Payments on silver are besed on the new mint price for new American mined ore at. 


_ [{ cents per ounce. 
ie pa on lead are based on the New York quotation for common desilverized lead. 


4/Payments on copper are based on the Engineering and Mining Journal quotations. 
j/Less a deduction of 1-1/2 cents per ounce. 

c/Nothing paid for lead less than 5 percent wet assay. 

“Nothing paid for copoer less than 1/2 vercent. 

$/ddd 10 percent to the base charge for the excess value over $25 per ton. 

5/0.1 percent of the wet~lead assay free. | : 

i/Pay for all at 6 cents per unit. 

uj/Pay for all at 5 cents per unit if 5 percent or over. 


| :2,4dd 10 cents to base charge for each unit of lead under 30 percent and deduct 10 
i 


cents for each unit of lead over 450 percent. 


| WSiliceous ore schedule; schedule for ores and concentrates with an excess of iron 


are identical except that treatment charge is a flat $5 per ton. 


a 4/Nothing paid for copoer less than 1 percent. 
7. -: Ko credit. 


7/Schedule for gold concentrates. 
-/Aid 10 cents per ton per unit of iron short of 25 units 
“Schedule for crude siliceous gold ore. 
yada 10 percent to the base charge for the excess value over $35 per ton. 
4/1334 schedule for irony ores and concentrates; applies only on ores and concen- 
_ trates containing 20 percent or more of iron excess over insoluble. 
cliExcess over insoluble all at 10 cents per unit not to exceed $3 per ton. 
-c/ ortde~or e open schedule. | 
When lead is over 9 cents per pound deduct 25 percent of the excess. 
liken copper is over 15 cents per pound deduct 25 percent of the excess. 
=Pey for iron plue manganese at 5 cents per unit but credit is not to exceed 
charge for insoluble. 
=: All at 8 cents per unit if 10 percent or over, 
2 yadd 25 ercent of gross value to the base treatment charge when it is between $8 
cF add it percent of the gross value to the base charge when it is betwoen #10 and $50. 
71334 siliceous ore special for ores with 50 percent excess insoluble. 
:-.9n direct smélting ores containing over 5 ounces gold per ton the price per ounce 
«or the exess- will be to the mitual agreement Betueen the buyer and shipper. 


31 Fo bayment for lead under 43 percent dry assay. 


excess over insoluble. 


<< Minimum deduction. 

ial at 6 cents per unit. - 7 

.~ 2ased on 30 percent dry lead assay. Debit 10 cents for each unit of lead under 

--1, © percent and credit 10 cents for.each unit of lead above 30 percent. 

-2 «Le iidvale smelter reserves the right to reject any shipment containing in ex- 

2-7, 888 Of O.1 percent bismuth. 

zeal ore open schedule, : 

-. 7@ over 35 ounces ver ton deduct 2 cents per ounce. 

a0 reynent for copper under 1 percent or when quotation is 8 cents per pound or less. 

ae eee on 50 percent lead. Add 10 cents per unit when over 50 percent and deduct 

. ~9 cents per unit when under 50 percent, 

‘etalty only applies to ore under 20 percent lead: no penalty for ore 20 percent 

_-'s, ead or over, 

~, 94.-ceous ore open Sica ores containing no lead or under 5 percent for fie 
ae ent is made (lead determined by wet method less a deduction of 1~1/ 


ie aes 

— =e-7een $20 and $35, $7.00 per ton; between $52 and ee $7.50 per ton: between 
os $75; $8.00 per ton; between $75 and $100, $8.50 per ton; over $100, 
3000 per ton. | 
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A typical open schedule at a lead smelter, reproduced in full, fcllows. 


DOMESTIC LEAD ORES AND CONCENTRATES 


The following terms are subject to the general clauses and are subject 
to prompt acceptance. Unless shipments are begun within 30 days this quotation 
is automatically cancelled. 


PAYMENTS 


GOLD: If 3/100 of an ounce per dry ton or over, pay for all at the rate of 
$20.00 per troy ounce, plus 90 percent of the realized gold premium in excess 
of $20.67 per troy ounce. Urder present Government net realized pesce 
($34,9125), this 18 equivalent to $32.81525 per troy ounce. 


SILVER: Pay for 95 percent (minimum deduction of one-half santa) at the 
average Handy and Harman New York silver quotations for the calendar week, in- 
cluding date of arrival of last car of each lot at plant of Buyer; or, if 
higher, at the realized Mint price, provided silver qualifies for Covernment 
purchase and affidavit is furnished, less a deduction in either case of 1-1/2 
cents per ounce. Present Mint price is 77 cents per ounce. 


LEAD: Deduct from the wet~-lead assay 15 units and pey for 90 percent of the 
remaining lead at smelter quotation less 1.425 cents per pound of lead account. 
for. Nothing paid for lead if less than 5 percent by wet assay. 


COPPER: Deduct from the wet—copper assay & pounds and pay for 95 percent of 
the remaining copper at the daily net refinery quotations for electrolytic 
cathodes as published in the Engineering and Mining Journal of New York averac 
for the calendar week including date of arrival of last car of each lot at the 
plant of the Buyer less a deduction of 5.025 cents per pound of copper account 
for. Nothing paid for copper if less than 1/2 percent by wet assay. No pay-— 
ment will be made for any metal or content except as above specified. 


DEDUCTIONS 


BASE CHARGE: $3.70 per net dry ton of 2,000 pounds: provided the sum ‘ae pay—~ 
ments for gold, silver, lead, and copper does not exceed $25.00 per ton. Ada 
to the base charge 10 Pereene: of the excess over $25.00 to a max inna charge of 
$6.70 per ton.- 


INSOLUBLE: Allow no units free; charge for all at 5 cents per unit, fraction: 
in propor proportion. 


ZINC: Allow 5 unite frees charge for the excess at 30 cents per unit, fractic 
in proportion. 1 
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SUPEUR: Allow 2 units free: ‘Charge for the excess at 20 cents per unit, 
fractions in proportion. Maximum charge $2.00 per dry ton of material, 


ESENIC: Allow 2 units frees charge for the excess at $0.50 per unit, frac- 
tions in proportion. 


ANTIMONY AND TIN (Combined): Allow 1 unit free: charge for the excess at $1.50 
per unit, fractions in proportion. 


BISMUTH: One-—tenth of one per cent (0.1 percent) of the lead content by wet 
assay Will be allowed free. ‘The excess will be charged at fifty cents (50¢) 
ver pound, fractions in proportion. 


MOISTURE: A minimum deduction of one percent will be made fron wet weights when 
over one percent is contained the actual moisture will be deducted. 


cSLIVERY: F.O. B. unloading bins. 


TASS: Deduct Federal or State taxes, import duties, stemps, and or other 
charges now or hereafter imposed. 


FREIGHT: AL1 railroad freight and delivery charges for account of shaneer. 
Teduct from settlement freight and other advances made by Buyer, 


GENERAL CLAUSES GOVURNING ALL OPEN SCHEDULES 


1. Weighing, moisture, and ore sampling (at which seller or a representative 
may be present) as done by Buyer according to standard practice, promptly 
after receipt of product, will be accepted as final. The absence of seller 
or a representative shall be deemed a waiver of the right in each instance. 
After sampling, the product may be placed in process, comingled, or other- 
wise disposed of by Buyer. In case of disagreement on assays, an umpire 
shall be selected in rotation from a list mutually agreed upon, whose assays 
shall be final if within the limits of the assays of the two parties; and 
if not, the assay of the party nearer to the umpire shall prevail. Losing 
party shall pay cost of umpire. In case of Seller's failure to make or 
submit assays, buyer's assays shall govern. 


¢. dll schedules on ore not under contract for a definite period of time are 
subject to change without notice. 


js The rates quoted herein are for carload lots. On any lot containing one 
ton or less there will be a sampling and handling charge of $10.00. This 
charge will be decreased by $1.00 for each ton in excess of one ton. 


+ The rates quoted apply only to ore in bulk. Fifty cents per ton additional 
will be charged for ore in sacks to cover extra cost of handling, 


4+ In the event quotation date should fall on a legal holiday or one upon which 
no quotation is issued, the next succeeding quotation will be used in 
Settlement. 
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6. In this schedule where the word "ton” is used it ie understood to be a ton 
of 2,000 nounds avoirdupoiss: where the word "ounce™ is used, as referring 
to gold and silvér, it is understood to mean the troy ounce; and where 
the word *unit™ is used it is understood to mean one percent of a ton, or 
20 pounds avoirdupois. 

7. In order that delivery of the ore at our plant may not be unnecessarily 
delaved we maxe it a general rule that THS FREIGHT CHARGES MUST BE PREPAID 
OR GUARANTEED BY THE SHIPPER. 

&. The rates quoted herein are based on present existing scale for common labo: 
at the Smelting Works, and present published all rail freight rates on lead 
and copper bullion from smelter to New York City. Any increase or decrease 
‘ls for account of Seller, and proper deduction or credit shall be made 
accordingly. 

Example of Calculations 
The method of calcul-ting returns based on the foregoing schedule follows: 
Wet weight of lot, 137.2 tons. 
Moisture, 3.0 per cent. 
Dry weight of lot, 137.2 (1.00 - 0.03) = 133.1 tons. 
Chemical analysis: 
Gold see eeeesecrcceces 0.53 ounces per ton. 
Silver cocerererevecoe 1.65 do. 
Lead .csccceccossesee 226 percent. 
Copper eoeovereeevecet 282 ado. 
Hine sacenaseotiawsce. Ovl do. 
UAPSONIC: Kieesesiweeue: 2s do. 
ANtImony sséavseesese. Lott, do. 
Tin Coren eeneeeevee 8 ee @ 0 dO» 
Bismuth ee eerocercccs 08 do. 
Iron ce vereeccocceocs 15. 0 dO. 
Sulphur eeececccnccere 19 Ay ; dO » 
Insoluble eeccoevvesese 28.0 dO. 
Lime @eeeoesoneoeea send ee 8 tae doe 
Magnesia ceevcsccesees 4.8 do. 
Loss on ignition .e.. 9.6 ' do. 
Total eovesescseeo 96.7: Kos 
Payments: 
Gold, 0.53 x 32.81825 = $17 039 
Silver, 1.65 x .95 (0.77 - 0 0015) = 1.18 
Lead, Less than 5 percent. None 
Copper, Quotation 9.5 cents per pound 
0.95 [ (0. 82 x 20) ~ 8] x (v.095 ~ 
0.05025) = 036 
Gross payments per dry ton 18.33 
UES eee) ee 
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Deduct ions ¢ 


Treatment charge: 
On ore between $0 and $25 gross value, $3.70 


Penalties 
Insoluble 28.0 x 0.05 = 1 oO 
Zinc, (6.7 - 5) x 0.30 = 0.51 
max inm | Co 
Arsenic, (2.4 ~ 2) x 0.50 = 220 


Antimony and tin, (1.4 -1)x1.50 = 60 
Bismuth, [0.08 — (0.001 x 2.6)] 


20 x 0.50 = mee, 
Total deductions per dry ton $ 9.18 
Net payments per dry ton 9.15 
Total returned by the smelter to 
the shipper 133.1 x $9.75 = $1,297 -73 
SUMMARY 


The smelting business is competitive. Usually rates more favorable to 
“e shipper than shown in the open schedule can be obtained by contracting to 
‘rauish a specified monthly tonnage. Moreover, concessions in smelting rates 
ccnetimes may be obtained by bargaining. 


Before making a smelting contract a shipper should have complete knowledge 
0 the approximate analyses and grade of his ore, the freight rates to com 
revitive smelting plants, and the needs of these plants for his particular 
‘res of ore; a more favorable contract probably could be negotiated with a 
“citing company that needed his type of ore for fluxing purposes than with a 


4 


Patt thet did not. 
dithough most smelter schedules are competitive, there usually is enough 

Yrtation in the methods of payment and in the charges for different items 

- ‘ce open schedule that more favorable returns occasionally may be obtained 

“Ta particular lot of ore at one smelter than at another. It 18 necessary, 

‘ “orrse, to know the grade and character of the ore before the charges can 

"8 Commuted, 
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